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Dear Admiral Carr: 

I wish to report my activities as Secretary of the Navy Chair of Oceanography for the five year 
period from March 2003 to March 2009. I have had the honor of holding this Chair beginning 
with the appointment 1985 - 1990 and will follow the informal letter format designed by 
Admiral Brad Mooney and continued under Admirals Wilson, Miller, Gaffney Paleaz, Cohen 
and Landay. This consists of annual reports plus a summary report at the end of the five year 
period. 

The principal emphasis has been on Ocean Acoustic Tomography, starting in 1980 with Carl 
Wunsch in response to the discovery of "ocean weather" during the MODE expeditions. For the 
past century oceanographer had believed that most of the kinetic energy of ocean currents was 
adequately described by some climatic averages (such as 10 ± 1 cm/sec); we now know that 
more than 90% of the energy is contained in the ocean weather (1 ± 10 cm/sec) with "mesoscale" 
variability of order 100 days and 100 km. The traditional methods of research vessels chasing 
independently across the oceans at 12 knots was not adequate to resolve ocean weather 
variability. Carl and I suggested using sound transmissions to map the oceans, with time series 
of travel time from a source A to receiver B being a good measure of temperature T(t) variability 
between A and B, and the difference A -» B minis B -> A a measure of the mean velocity U(t). 
By separately measuring the travel times of the many SOFAR arrivals one can invert for T(t,z) 
and U(t,z) depth profiles. Tomography takes advantage of the transparency of ocean to sound, 
and the high speed of sound (3000 knots) which exceeds the speed of research vessels. 

We started out in 1981 with typical ranges of 100 km mostly in the North Atlantic, followed in 
1983 by 3000 km transmissions between Hawaii and the mainland. In 1991 we transmitted from 
Heard Island in the Indian Ocean to stations at 18,000 km ranges, halfway around the globe. 
We have worked on a multitude of oceanographic problems, among them the formation of deep 
water in the Atlantic sector of the Arctic, the flow through Gibraltar, and the decadal climate 
change in the northeast Pacific, and others. Last year saw a successful experiment in the 
Philippine Sea. 

Nearly all of this work was done by collaboration of Woods Hole, University of Washington, 
Scripps and others with the support of ONR, for the last twenty years under the leadership of 
Peter Worcester of Scripps. 



Coming now to the 2003 to 2009 period, I have participated in papers marked (Al) to (A 19) in 
the attached bibliography. Unfortunately I have not been able to go to sea for the last five years, 
and my contributions are minor, with two exceptions: (i) work on the penetration of sound into 
the sound shadow zone (A 16, A17, A18), dealing with a riddle since the earliest days of SOFAR 
transmissions. We proposed that scattering from internal waves could account for the 
penetration, and this has now been confirmed by Laura Van Uffelen in her 2009 dissertation, (ii) 
Scattering from a "spicy" ocean with hot and salty intrusions which are density neutral but not 
sound neutral (A3). 

To summarize my work with the support of the Navy Chair: 

A. Ocean Acoustics as discussed above, publication Al to A19. 

B. Sea Level Rise and its relation to Ocean Freshening (B1, B2) 

C. Global Warming and Ocean Tides. Colosi and I have examined the Honolulu tide gauge 
record, which goes back to 1872 (before the end of the monarchy). We found a 
significant contribution to the published tidal constants from internal tides (this has not 
previously been recognized). The Honolulu M2 tidal amplitude of 16.9 cm is 16.1 cm 
from surface (barotropic) tides and 0.8 cm from internal (baroclinic) tides. The later has 
undergone a 28-degree phase rotation in 100 years, which we attribute to ocean warming. 
(Cl). Further, tidal mixing may be a significant cause of the 40,000 year climate (ice age) 
variability, which has been attributed entirely to change in solar radiation related to 
change in obliquity (C2). 

D. Acoustic Noise generated by Ocean Waves. Farrell and I have found that the acoustic 
noise background in the deep ocean down to 5 km is associated with short surface 
waves. There is some evidence for a noise minimum centered at 27 Hz (Dl, D2). This 
might be of some interest in ASW detection. The work is continuing. 

I do appreciate the support of the Navy Chair. 

Sincerely yours, 

Walter Munk 

cc: F. Herr, T. Paluszkiewicz, E. Livingston, N. Losoya, Defense Technical Information Center, 
Naval Research Laboratory, T. Haymet, C. Constable, J. Orcutt, W. Farquharson, N. Wilson, L. 
Eyer 
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